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ABSTRACT 
Safety at railway level crossings (RLX) is one part of a wider 
picture of safety within the whole transport system. 
Governments, the rail industry and road organisations have 
used a variety of countermeasures for many years to improve 
RLX safety. New types of interventions are required in order to 
reduce the number of crashes and associated social costs at 
railway crossings. This paper presents the results of a large 
research program which aimed to assess the effectiveness of 
emerging Intelligent Transport Systems (ITS) interventions, 
both on-road and in-vehicle based, to improve the safety of car 
drivers at RLXs in Australia. The three most promising 
technologies selected from the literature review and focus 
groups were tested in an advanced driving simulator to provide 
a detailed assessment of their effects on driver behaviour. The 
three interventions were (i) in-vehicle visual warning using a 
GPS/smartphone navigation-like system, (ii) in-vehicle audio 
warning and (iii) on-road intervention known as valet system 
(warning lights on the road surface activated as a train 
approaches). The effects of these technologies on 57 
participants were assessed in a systematic approach focusing 
on the safety of the intervention, effects on the road traffic 
around the crossings and driver’s acceptance of the 
technology. Given that the ITS interventions were likely to 
provide a benefit by improving the driver’s awareness of the 
crossing status in low visibility conditions, such conditions 
were investigated through curves in the track before arriving at 
the crossing. ITS interventions were also expected to improve 
driver behaviour at crossings with high traffic (blocking back 
issue), which were also investigated at active crossings. The key 
findings are: (i) interventions at passive crossings are likely to 
provide safety benefits (ii) the benefits of ITS interventions on 
driver behaviour at active crossings are limited, (iii) the trialled 
ITS interventions did not show any issues in terms of driver 
distraction, driver acceptance or traffic delays (iv) these 
interventions are easy to use, do not increase driver workload 
substantially, (v) participants’ intention to use the technology is 
high and (vi) participants saw most value in succinct messages 
about approaching trains as opposed to knowing the RLX 
locations or the imminence of a collision with a train. 
 
 
INTRODUCTION 
Safety at railway level crossings (RLXs) is one part of a wider 
picture of transport safety within the whole transport system. 
Governments, the rail industry and road organisations have 
used a variety of countermeasures for many years to improve 
railway level crossing safety. New types of interventions are 
required in order to reduce the number of crashes at railway 
crossings. This research aimed to assess the effectiveness of 
various emerging technologies, both on-road and in-vehicle 
based, to improve the safety of drivers at RLXs in Australia 
(more details can be found in the R2.111 CRC for rail 
innovation report (Larue et al., 2013)).  The effects of these ITS 
technologies were assessed in a systematic approach focusing 
on the safety of the intervention, deployment cost, effects on 
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the road traffic around the crossings and driver’s acceptance of 
the technology.  
A review of the national and international literature on RLX 
safety identified the factors contributing to crashes on RLX in 
Australia and highlighted the high proportion of human error 
related crashes (Australian Transport Safety Bureau, 2002). 
This suggests that new Intelligent Transport System (ITS) 
interventions on active and passive RLX are needed to address 
drivers’ errors, which are mainly failures to detect the crossing 
or the train and misjudgements of the train approach speed and 
distance (Abraham, Datta, & Datta, 1998; Australian Transport 
Safety Bureau, 2002). New ITS based interventions are now 
emerging due to the availability and the affordability of 
technology. Integrated Vehicle Based Safety Systems or 
Dedicated Short Range Communication  systems, for example, 
are beginning to appear in new vehicles and, when coupled to 
Communication based Train Control systems and enhanced 
Driver Vehicle Interfaces, could place the level crossing 
protection system inside the vehicle rather than on the wayside 
as well as improve the information provided to the driver 
(SKM/VicTrack, 2008). Existing ITS interventions were 
critically reviewed against cost (particularly related to 
minimising infrastructure changes), reliability (respecting 
current safety standards), safety (when the system fails), 
climatic conditions (operational under various conditions), 
robustness (resistance to potential vandalism acts) and 
convenience (set-up and maintenance). Our review showed that 
deployment of the different ITS interventions, both in-vehicle 
and on-road based, could be largely affordable on active RLXs, 
where such new equipment would complement existing 
devices. Passive crossings require larger investments, and the 
capabilities of the ITS intervention (warning of a crossing or 
the approach of a train) depend on having an affordable means 
to detect a train close to a RLX. 
To test what kinds of warning systems are appropriate, 
collecting real field data is the best way to analyse changes in 
driving behaviours. However, safety and ethical concerns, as 
well as the low number of near-miss events between a train and 
a vehicle, do not allow such an approach. Therefore, an 
approach combining driving and traffic simulations was 
selected to comprehensively evaluate the ITS interventions 
prior to any new systems being implemented.  
DRIVER ACCEPTANCE OF POTENTIAL ITS 
INTERVENTIONS  
A review of the literature identified and classified potential ITS 
interventions that are likely to improve safety at railway 
crossings and those that are likely to be implemented. Focus 
group discussions with Australian drivers (N=38 participants) 
were organised to understand the expectations of drivers 
regarding potential new ITS interventions at both active and 
passive railway crossings (Buckley, Larue, Haworth, & 
Rakotonirainy, 2013). In particular, the study sought to examine 
the perceptions of ITS interventions for warnings of the 
existence of a crossing, a train approaching or imminence of a 
crash. It helped to select which ITS interventions to test using 
the driving simulator. It also provided information as to what 
kind of technology and Human Machine Interface (HMI) is 
likely to be adopted by drivers.  Information obtained during 
this phase of the overall research project has helped to identify 
key factors around the HMI most likely to increase 
acceptability of safety information. Particularly, these 
discussions suggest that ITS interventions should focus on 
informing drivers of arriving trains, whether by in-vehicle 
devices or on-road infrastructure.  In-vehicle devices should be 
implemented within an existing technology, for example GPS 
(or maybe a smartphone). In terms of HMI, either visual or 
audio warning may be accepted and this acceptance may vary 
across different conditions. For example, for an on-road 
intervention, drivers preferred boom gates, but systems such as 
the valet (warning lights on the road surface activated as a train 
approaches) were thought to be useful in particular contexts 
such as passive crossings and could even be beneficial for 
safety in conjunction with traditional active protections.  
Overall, drivers believed there were benefits in ITS 
interventions to improve safety, particularly if they contained a 
message that a train was approaching (compared with messages 
of the presence of a crossing or imminent crash). Participants 
saw most value in succinct messages and reported that having 
more information could potentially be irrelevant and 
distracting. Further, issues such as reliability of the ITS system 
or encouragement to take risks at the crossing were important 
concerned raised with such systems. 
The literature review and focus groups of Queensland car 
drivers showed that to avoid driver distraction and 
dissatisfaction, both passive and active RLXs should be 
targeted for ITS interventions to improve safety, and that ITS 
should focus on providing drivers with simple, easy to process 
information about approaching trains.  
TRIALS ON AN ADVANCED DRIVING SIMULATOR 
The three most promising technologies selected from the 
literature review and focus groups were tested in CARRS-Q’s 
advanced driving simulator to provide a detailed assessment of 
their effects on driver behaviour (see Figure 1). The three 
interventions were (i) an in-vehicle visual warning using 
GPS/smartphone navigation-like system (see Figure 2), (ii) an 
in-vehicle audio warning (“Train approaching the crossing 
ahead. Stop at the crossing”) and (iii) an on-road intervention 
known as valet system (warning lights on the road surface 
activated as a train approaches, see Figure 3).  
The design of the driving simulator study can be found in detail 
in Larue, Rakotonirainy, and Haworth (2012) and can be 
summarised as follows: each participant (N=57) drove three 
scenarios, each drive taking approximately 20 minutes. 
Participants were divided into three groups, and each group 
tested one technology. The first drive was a familiarisation, 
followed by a drive with ITS and a drive without ITS, in a 
counterbalanced order.  Each participant was exposed to the 
same number of crossings, with a balanced mix of active  
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Figure 1: CARRS-Q’s advanced driving simulator 
 
(flashing lights only) and passive crossings, with or without a 
train approaching. Given that the ITS interventions were likely 
to improve the driver’s awareness of the crossing status in low 
visibility conditions, visibility was reduced by placing a curve 
on the road before arriving at the crossing. ITS interventions 
were also expected to improve driver behaviour at crossings 
with high traffic (blocking back issue), which were also 
investigated at active crossings. Driver behaviour while 
arriving at the crossing was measured by a comprehensive set 
of variables collected in the simulator, including compliance at 
the crossing, safety of the approach when no train is 
approaching and the control of the vehicle (speed, positioning 
of the car, use of accelerator and brakes). The effects of the 
technology on driver workload were monitored with both 
physiological devices and subjective questionnaires. 
Participants provide post-feedback about their acceptance of the 
technology via a questionnaire. The questionnaire was an 
adaptation of the Theory of Planned Behaviour (Ajzen, 1991) 
and the Technology Acceptance Model (Davis, 1993) combined 
with the questionnaires used by the focus group and assessed 
the ease of use and perceived usefulness of the three ITS 
interventions. Finally, the individual driving performance data 
from the driving simulator on active crossings were used to 
calibrate a traffic micro-simulation in order to assert the effects 
of each intervention on traffic (delays and queuing) around 
RLXs.  
          
Figure 2: In-vehicle visual intervention 
 
Figure 3: On-road intervention (valet system) 
 
ROAD NETWORK SIMULATIONS 
A traffic safety model was developed using traffic simulation 
approaches in order to assess the effects of the trialled ITS 
interventions on traffic around crossings. The VISSIM traffic 
simulation model was selected to model a scenario where trains 
might enter into conflict with road vehicles on a railway 
crossing equipped with the trialled technologies (see Figure 4). 
Driver behaviour observed from the driving simulation, such as 
approach speed, probability of stopping  for the lead vehicle, 
were integrated as new modules in the traffic simulator 
software using the external control of computer language 
programming, Kim and Ferreira (2013). Simulations focused on 
active crossings in suburban areas during peak hours with trains 
arriving at the crossing every 3 minutes and road traffic of 
between 800 and 1500 vehicles per hour. In order to ensure the 
validity of the simulation, a calibration process was performed 
against the start-up delay model developed by Long (2003). 
The input assumptions related to traffic flow were derived 
using the outputs of a Brisbane based transportation model 
(Queensland Transport and Main Roads, 2008). The effects of 
the trialled technologies were assessed in terms of delays, 
number of stops per vehicle and Time-to-collision (TTC). 
 
 
Figure 4: Network implemented in the traffic simulation 
3 red flashing markers 
indicating the location 
where the vehicle should 
be stopped 
5 yellow flashing road 
markers positioned every 6 
metres 
10 yellow flashing road 
markers positioned every 
12 metres 
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OBJECTIVE ASSESSMENT OF THE TECHNOLOGIES 
The driving simulator results showed that driver behaviour is 
most likely to be changed with the ITS intervention at passive 
crossings. When a train is approaching, compliance increases 
and safety margins are slightly higher. Without a train 
approaching, both compliance and safety margins greatly 
decrease. In all cases, participants were less likely to look at the 
rail tracks when at the crossing. This suggests that a significant 
proportion of drivers behave as if the crossing became active 
with the technology. No additional effects were observed for 
crossing with reduced visibility. This highlights the need for 
reliable technology, and that the stop sign at the crossing cannot 
be considered as the primary control with the three technologies 
trialled in this project (for more details, see Larue and 
Rakotonirainy (2014)). At active crossings with trains, the ITS 
intervention did not affect the level of compliance, which was 
already almost 100%. The visual in-vehicle ITS and valet 
interventions had positive effects on safety margins. The 
approach speed did not change with the audio ITS. At 
congested active crossings, compliance was very high as well. 
The ITS intervention seems to be positive, both in terms of 
compliance as well as for safety margins. Approach speed 
changed for both in-vehicle ITS interventions. The use of the 
ITS intervention did not result in large changes in driver 
workload. No objective differences were found, but participants 
reported slightly higher demands with the visual in-vehicle 
intervention, and lower demands with the audio in-vehicle ITS 
and the on-road valet ITS. 
SUBJECTIVE ASSESSMENT OF THE TECHNOLOGIES 
Participants reported high intention to use the technology (post-
driving simulator questionnaires). Intention is a quarter of a 
level higher for passive crossings (on a 7 point scale). This 
could be due to the interventions providing participants with 
new information about the presence of trains at passive 
crossings. The only new information provided by the 
intervention at active crossings related to the presence of 
congestion, as the information about the train presence only 
reinforced the information already provided by traditional 
signage. Two models were used to interpret the expressed 
intentions: the Theory of Planned Behaviour (TPB) and the 
Technology Acceptance Model (TAM). As for intention, the 
different constructs were generally positive. The same 
independent variables were found to affect these constructs, 
namely the valet intervention and passive protection at the 
crossing. The effect of the type of protection at the crossing was 
not very large. This suggests that participants gave positive 
feedback for both active and passive crossings, with slightly 
higher values for passive crossings, where they gained more 
information. Overall participants tended to favour the valet 
system compared to in-vehicle interventions. This suggests that 
participants might prefer an intervention at the crossing itself, 
rather than an in-vehicle intervention. The intention to use the 
trialled ITS intervention at RLXs is best explained by the TPB 
rather than the TAM model or a combination of the TPB and 
TAM models. The TPB explained 66% of the variance in 
expressed intentions. This model showed that both attitude 
toward behaviour and subjective norm have a large effect on 
behavioural intention, while no effect of perceived behavioural 
control was found. These results suggest focusing on the 
constructs of the TPB model – particularly attitude and 
subjective norm - in order to increase the level of behavioural 
intention when considering implementing ITS technologies at 
level crossings. 
EFFECTS OF THE TECHNOLOGIES ON THE ROAD 
NETWORK 
The results obtained here indicate that, compared to current 
crossing signals, equipping railway crossings with the visual in-
vehicle ITS intervention and the on-road ITS interventions does 
not lead to statistically significant changes in traffic 
performance indicators at active crossings, such as average 
delay time per vehicle, average number of stops per vehicle, 
average speed and average stopped delay per vehicle. However, 
delays slightly increase with the audio ITS intervention, as well 
as number of stops and average queue length, while average 
speed decreases. These results suggest that implementing such 
ITS interventions would not result in major negative impacts on 
the road network performance. In terms of safety, we observed 
that the proportion of TTC less than 5 seconds increased with 
increased traffic flow, but did not change with the trialled 
interventions. This result suggests that the trialled interventions 
did not result in vehicles being closer to each other as compared 
to the baseline condition. 
DISCUSSION 
The three different ITS interventions have their advantages and 
disadvantages. Direct comparisons of the ITS interventions 
were not possible within this experimental design, which makes 
it difficult to ascertain which ITS intervention performs better. 
Nevertheless, each ITS intervention had the potential to 
increase safety at railway crossings if specific issues are taken 
into consideration for implementation. For passive crossings, 
both the visual in-vehicle ITS and the valet ITS have similar 
results. They both increased compliance when a train was 
approaching, but they could potentially increase risk when no 
train is approaching in case the system is failing. This shows 
the need to have a reliable technology as well as a failsafe 
strategy for such interventions. The audio in-vehicle ITS 
increased compliance when a train was approaching, but no 
other effects were observed, except a trend toward reduced 
compliance when no train was approaching. In particular, the 
absence of visual messages resulted in drivers still taking 
information directly from the tracks. The behaviour once 
stopped at the crossing did not change compared to baseline, 
while improvements were observed with the other two ITS 
interventions. This is due to the difference in the information 
provided to the drivers. The audio intervention did not inform 
drivers as to when to leave the crossing. Providing more 
information to the driver when stopped at the crossing could 
potentially result in similar behavioural changes with this 
intervention. At active crossings, changes in behaviour are less 
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noticeable, particularly on compliance, as compliance is very 
high and only large differences can be detected with the number 
of participants of this study. Both the visual ITS and the valet 
system improve safety margins. No particular effects of the 
audio ITS were found, except for positive effects on workload 
and lane lateral positioning. The three ITS interventions do not 
impact traffic negatively at active crossings through delays and 
should not be an issue for the road network performance. At 
congested active crossings, the effects of the ITS were difficult 
to evaluate due to the high level of compliance. Nevertheless, 
both in-vehicle technologies resulted in higher safety margins. 
The audio ITS also showed better reaction times by pressing 
the brake pedal earlier. While no differences in the approach 
were found with the valet ITS, compliance increased with this 
intervention (it is the only one where one participant did not 
comply during baseline). 
FUTURE DIRECTIONS 
This study showed that the ITS interventions are likely to result 
in higher changes in driver behaviour at passive crossings. This 
study has highlighted that ITS interventions are likely to result 
in both automation bias, where driver would limit their search 
for information at the crossing to the ITS technology, and trust 
mis-calibration, as the current ITS likely to be implemented 
would not be as reliable as the current signage. Indeed 
passively protected crossings are not equipped for detecting 
trains, and the cost involved for developing reliable and fail-
safe ITS interventions is unlikely to be more affordable than 
using traditional and reliable active RLX signage. A particular 
concern with the ITS trialled at passive crossings is that drivers 
have no way of knowing whether the intervention is failing, 
while approaching the crossing faster as compared to their 
usual behaviour for passive crossings (the system creates 
confusion between active and passive crossings), which results 
in reduced time to react if a train is approaching and the system 
failing. Furthermore, there is consensus in the literature that 
driver compliance at crossings decreases as the reliability of 
signage at crossings decreases (Gil, Multer, & Yeh, 2007; U.S. 
Department of Transportation, 2006; Wullems, Haworth, Larue, 
Haines, & Gildersleeve, 2014). As drivers perceive the warning 
system to be less credible, they are more likely to violate the 
warning signal, perceiving little risk to their safety since the 
warning system has failed before (U.S. Department of 
Transportation, 2006), and this could result in risky behaviours 
not only at a particular crossing but across the network, as  this 
can facilitates mistrust in the warning system itself.  
Such performance decrements with an imperfect intervention 
could be mitigated by providing drivers with interfaces that 
display contextual information about the reliability of the 
system’s recommendation, as it has been shown that 
complacency becomes less likely when information about the 
reliability of the instructions is provided (Rovira, Cross, Leitch, 
& Bonaceto, 2014). Various methods have shown promising 
results for reducing complacency, such as displaying 
dynamically the system’s confidence in its recommendations 
(McGuirl & Sarter, 2006) or making the automation failure 
more salient (Seppelt & Lee, 2007). 
The trialled interventions were characterised by 2 different 
phases: a message when a train is approaching and no 
information otherwise. A potential way to provide information 
about the status of the system is to change the ITS intervention 
to a three phase system, where the system:  
 informs the driver of a train approaching when it has 
detected a train 
 informs the driver of a crossing and the requirement to 
stop and look for trains when it is unable to detect a 
train 
 does not provide any information if it fails completely 
(whether it is due to the HMI, communication with the 
crossing or GPS) 
Further research is required with such interventions, as it is 
difficult to predict how drivers would behave under such a 
system. While drivers would now have a way to know that the 
system is failing, they could also learn that the message about 
the crossing ahead means (when the system is working 
correctly) that no train is coming and take more risks. Such 
interventions have shown promising results on demanding tasks 
(Wickens & Dixon, 2007), which is not the case for driving 
through a crossing. In addition, such interventions could reduce 
the level of acceptance by drivers, as the perceived usefulness 
might decrease with such a system. It would finally be 
important to assess which types of failures of the system are 
more likely, as well as their potential risks in order to evaluate 
whether the two or three phases systems are safer overall.  
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